Introduction
Deoxynivalenol (DON), nivalenol (NIV), and T-2 toxin (T-2) are representative trichothecene mycotoxins that contaminate major cereal crops. The fact that consuming large amounts of these toxins causes toxicoses in human and animals is well known. DON and NIV are major toxins that contaminate cereal crops, especially in Japan. Recently, the Ministry of Health, Labor and Welfare established the provisional standard for DON levels in wheat as being 1.1 mg/kg. Although there are no NIV regulations anywhere in the world, it is important to regulate NIV in the future because it is more virulent than DON.
Method such as gas chromatography-mass spectrometry (GC-MS), liquid chromatography-mass spectrometry (LC-MS), and high-performance liquid chromatography (HPLC) are generally used to measure these toxins. The technical merit of these methods is that they simultaneously allow highly sensitive measurements of the individual toxins. However, these methods are thought to be unsuitable for measuring many samples within a short time span, because lengthy and extensive sample preparation such as a column cleanup is required to achieve high sensitivity. Generally, since enzyme-linked immunosorbent assay (ELISA), which is an immunology-based assay system, should recognize the toxins specifically, it is unlikely that complicated sample preparation will be required. We achieved success in generating monoclonal antibodies against not only acetylated DON and acetylated T-2 but also acetylated NIV.
Further, we could also construct three kinds of ELISA kits to individually determine DON+NIV, NIV, and T-2+HT-2 by using these monoclonal antibodies. In this paper, we report the preparation of the monoclonal antibodies for the acetylated toxins and the efficiency and performance of the ELISA kits.
Materials and Methods

Materials
All mycotoxin derivatives (DON, NIV, T-2, 3,15-diacetyl-DON, 3,4,15-triacetyl-NIV, acetyl-T-2, 4,15-diacetyl-NIV-3-hemisuccinate, T-2-3-hemisuccinate, etc.) were gifts from Prof. Yoshizawa (Faculty of Agriculture, Kagawa University). Bovin serum albumin (BSA) and ovalbumin (OVA) were obtained from Sigma (St Louis, MO, USA). Keyhole Limpet Hemocyanin (KLH) was obtained from Calbiochem(San Diego, CA, USA). 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimideHCl (EDC) was purchased from Pierce (Rockford, IL, USA). An assay kit for determining protein concentration was purchased from Bio-Rad (Hercules, CA, USA). Peroxidase-conjugated rabbit anti-mouse immunoglobulins (POD-anti-mouse Igs) were obtained from Dako (Glostrup, Denmark). All other chemicals and solvents were purchased from major suppliers; they were of reagent grade or better. Preparation of conjugates After 0.5 mg of 4,15-diacetyl-NIV 3-0-hemisuccinate and 0.5 mg of T-2 3-0-hemisuccinate were dissolved with 0 .01 M phosphate buffered saline (PBS), 10 mg of KLH and 20 mg of EDC were added to each of the solutions. The mixtures were incubated for 6 h at room temperature and then dialyzed against PBS . Protein concentrations of the conjugates were determined using a commercial assay kit . In a similar fashion, 4,15-diacetyl-NIV 3-0-hemisuccinate, and T-2 3-0-hemisuccinate were conjugated to BSA and OVA. Production and purification of monoclonal antibodies The mice were sacrificed and aseptically splenectomized. Splenocytes were chemically fused with mouse myeloma P3U1 cells using polyethylene glycol. The fused cells were incubated in hypoxanthineaminopterin-thymidine (HAT) selection media. After ten days, the HAT resistant culture of splenocytes, isolated from 4,15-diacetyl-NIV immunized mice , was screened by investigating whether the culture media contained an activity for anti-3 ,15-diacetyl-DON or anti-3,4,15-tiacetyl-NIV. A cloned HAT resistant splenocyte with acetyl-T-2 activity was screened in a similar fashion. A positive culture was recloned , expanded, and subsequently frozen. The clones that tested positive were injected into nude mice for ascites fluid production. In evaluating the kits constructed in the experiment, the minimum detection limit was determined as the minimum point at which the average +2SD of A450 did not exceed the average -2SD of A450 determined without an antigen. 
Measurement of GC-MS Regarding DON and NIV, the correlation of GC-MS (GC:
Hitachi G-7000M, MS: Hitachi M-9000, Tokyo) was evaluated by measuring more than fifty samples of wheat extracts.
Results and Discussion
We investigated the generation of antibodies recognizing DON, NIV, and T-2. First, we immunized mice with a protein conjugated non-acetylated toxin such as DON conjugated to KLH and NIV conjugated to KLH. We were unable to obtain antibodies with high sensitivities and specificities (data not shown). One of the reasons for the low specificities was inferred to be the structural similarity between DON and NIV. The point of difference between the structures of DON and NIV is only whether or not a hydroxyl group is present at the C-4 position. Therefore, it was assumed that it was difficult for the antibody, raised against the non-acetylated form, to distinguish between DON and NIV. We hypothesized that antibodies that distinguish between DON and NIV could be easily obtained to by replacing the hydroxyl group at the C-4 position, not at the C-7, with an acetylated group.
By immunization of mice with 4,15-diacetyl-NIV conjugated to KLH, we developed two kinds of monoclonal antibodies (KTM-240 and KTM-205). Cross reactivities of the antibodies are summarized in Table 1 . Cross reactivities of KTM-240
to DON and NIV derivatives such as 3,15-diacetyl-DON, and 3,4,15-triacetyl-NIV were 1.00, and 1.00, respectively. Reactions to other derivatives were weak or not observed. This was the reason the KTM-240 antibody was thought to simultaneously recognize acetyl groups at the C-3 and C-15 positions, but not at the C-4 and specifically react with both acetylated DON and acetylated NIV. Similarly, the KTM-205 antibody was supposed to simultaneously recognize the acetyl groups at the C-3, C-4, and C-15 positions and react with only acetylated NIV. On the other hand, immunization with T-2 conjugated to KLH resulted in the production of the KTM-249 monoclonal antibody.
The KTM-249 antibody was supposed to bind the modification at the C-8 position and recognize T-2, HT-2, and acetylated T-2. Three kinds of ELISA kits determining DON+NIV, NIV, T-2+HT-2 could be constructed using the three antibodies. Using a single assay or a combination of the ELISA kits, we were able to discriminate each toxin from the other and measure their concentrations independently. We investigated whether the performance of these kits was good for the quantitative estimation of the toxins. The minimum detection limits were 1 ng/ml, 0.8 ng/ml, and 1 ng/ml using DON+NIV, NIV, and T-2+HT-2, respectively. The maximum detection limit for all kits was 20 ng/ml. Based on the above results, the detection range for NIV was determined to be between 0.8 to 20 ng/ml, which corresponded to 80-2000 ng/g of wheat dry powder. Next, we investigated whether any components of a wheat extract adversely affected the reaction for the quantitative measurement in our ELISA system. Table 2 shows a recovery rate in each concentration of 3, 4, 15-triacetyl-NIV added to an acetylated wheat extract. Recovery rates were almost 100 % in all concentration conditions. From the results, we could precisely measure each toxin independent of the influence of components derived from the extracts in our ELISA system. Additionally in case of DON and NIV, we evaluated correlation between the measurement values obtained through ELISA and those obtained through GC-MS. The DON concentration was determined as measurement value by subtracting the value of NIV from DON+NIV. Correlation coefficients for DON and NIV were 0.916 and 0.927, and their slopes were 1.09 and 0.99, respectively (Fig. 1 ).
Since our ELISA systems had high reproducibilities and specificities, we supposed that they could be used as a substitute for GC-MS in the measurement of toxins. However, our kits were unable to recognize only the derivatives that had acetyl groups at the C-7 position. Considering the fact that only a few derivatives acetylated at the C-7 Currently, GC-MS, LC-MS, and HPLC, which are much more time-consuming for measuring a sample, are the major methods in use. However, our ELISA systems, which could measure DON, NIV, and T-2, will be more useful as alternatives to the GC-MS, LC-MS, and HPLC methods for screening contaminated cereals and foods.
